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Assessment of 20-kW S-Band Transmitter

R. Dickinson and H. Hansen
Radio Frequency and Microwave Subsystems Section

The recent performance history of the 20-kW S-hand transmitier, insialled at three
Od-meter wntennas and six Qb-meter antenas i the DSN, s reviewed, Ao increasing
mumber of failures and Discrepaney Reports are characteristic of the wearout phase of a
Juilure curve, The tvpe of failures are reviewed and four options woward reducing the
nmther and cost of failures are reviewed, These are existing (o changeld, refirbish
(replace worn componenis), redesign (extensive pmprovement ) and replacement (with
completely new transmitter ),

The oprions are compared on a ren-year life eyele cost basis using F'Y 77 expendineres
Jor existing equipment as o base, 1 is fownd that benefies, in terms of reduction of ontage
time, inerease with an increase of expenditire toward improvement, The choice of option
1o be exercised is dependent upon the amount of outage which is aceeptable and. o)
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course, upon funds available,

. Introduction

The 20-kW S-band transmitter subsystem is installed at cach
of three O4-ny antennas and at cach of six 20-m antennas in the
DSN. nuking a total of nine transmitters. The installations
were completed in 1966, Recent pecformance s been
characterized by an increase in both minutes of outage and
number of Discrepancy Reports (DR) on the subsystem,
Figure 1 shows a sharp rise in outage and DR for the years
1977 and 1978, This record was the reason for initiating a
study of the transmitter to deternine what optinm remedy
would reduce this trend in failures. The object of the study is
1o evaluate the record of recent Dailure reports and 1o assess
methads of improving performance, :

Il. Recent Failure Trend

Anexplanation advanced for the recent rise in fuilures is
increased emphasis on Discrepaney Reporting, This may be o
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partial cause, However, the reports do vite increased outage
time as o oresult of failures. Further, many failures have
resulted trom worn bearings, pitted relay contacts, and leaking
seals, These troubles suggest that some components e in an
send-of-dife™ period wherein a more trequent Gailure pattem s
typical. This situation requires attention immediately o
prevent reaching a point where failure rate soirs prohibitively
high, Another reason for scarching for options for improse:
ment is that numerous components are becoming obsolete and
difficutty has been expericnced in locating replacement patts,
especially when needed immediately.

For the vears 1970 through 19780 the outage time
illustrated in Figo 1 owas divided among power amplities (23 00,
power supply (230) hear exchanger (2370 miseellimeons
2000 and procedural (37) sources, Table 1, which desenhes
the reports for 1977, is representative of the failine pattem
amd shows many of the Lirge outages which were the reasen
for the sharp rise in 1977,



Note that total outage due to i tailure, cooling system
leaks, are detector tripping, and insolation faults s 3862
minutes, about 905 of the total,

Some of the outage charged to the power amplitier was
deseribed s due 1o wavegnide mismarch, Actually, the
transmitter subsystem are detector is operating as designed and
the source of trouble may be in the waveguide, possibly
feakage or other problems causing arcing or high voltage
standing wave ratio (VSWR). The waveguide is subject to
mechanical vibration and probably needs preventive minte.
nanee applicd.

The largest souree of power supply problems is fan failure
due 1o bearing wearout, Reterence 1 considers reliability of
blowers to be composed of an electrical component, constam
with time, and a mechanical “wearout™ component which
increases with time, Tt appears that mechanical components
such as the fans may be at the end of lite period where the
faifure nte is increasing rapidiy,

Other canses of power supply failures are in relay tripping
and insulation breakdown, These, also, suggest aging problems
such as contact pitting and insulation deterioration,

Ileat exchanger outage shows much time lost due to leaks
at seals and fitvings. Again, this suggests aging from hardening
of packing and gaskets, vibration, bearing wear, ete.

The 926 minutes, under miscellancous, described as high
noise are difficult to oxplain, A major portion of this outage is
ascribed o wavegnide arcing which is not a fault within the
transmitier.

lll. Definition of Options

Possible approaches toward the recent failure history range
from “doing nothing™ to replacement of the transmitter with a
complete new design, *Doing nothing™ implies acceptance of
probable increased repair cost in future years plus aceeptance
of greater risk of outage during a scheduled operation when
lost data might be irrecoverable, Increased mintenance cost is
undesirable at any time. Losing irrecoverable data after aving
made minimum effort 10 reduce the dikelihood of tuilure
wauld be inexcusable, Therefore, “doing nothing™ is consi
dered o first option but essentially as a starting point in
scarching for the most advisable plan of action.

A review of Table 1, (plus the details of the associated
Discrepancy Reports), suggests that replacement of compo-
nents subject 1o wear and/or deterioration would offer a low
cost approach o redacing failure rate. For instance, Table |

shows outage off 479 minutes from fan and air-Now switch
failure, 738 minutes from seal and firting feaks, and 4lo
minutes due o low flow, fun beatings, ete., in the coolat
svstem, These three areus total 1640 minates and compene
IS8T of a toral 4285 minutes ootage,

Other failures. such as wiring breakdown, offer additionad
potential for improverment by replacing components which
show the effects of aging or high voltage deterioration,

Thus, retfurbishment was chosen as one avenue for mprose-
ment which should offer substaptisd gains, possibiyv as much i
307 to 4077 reduction in outage, and at low cost,

A third option would entail a more complete rebuilding
redesign of the existing transmitter. This would allow replace.
ment of all worn components, replacement of deterionted
insuliation  with new  wiring, and  minor  improvement in
circuitry it deemied advisable from expetience. A recome
mended addition would  be expansion o the monitoring
circttitry 10 o built-in test equipiment system to aid in faster
disgnosis of failures and. thereby, reduce outage time, The
proposed redesign wonld be considerably higher in cost than
the refurbishiment, but would be limited Dy using most major
components ot the high voltage  power supply, motor-
generator set, heat exclanger, and the Klyvstron, -

The potential cost of a redesigned  transmitter and the
compromises inhterent in redesigning any cquipment suggest
considenttion of an catirely new transmitter 1o replace the
existing equipment, The added design cost would be justiticd
by improved  performance, high reliahility and extensive
monitoring and selt-test circuitry,

The result of the foregoing considerations was a plan to
compare, on 4 life-evele cost basis, four options 1o reduce the
rise in Cailures, shown in Fig, 1

Option 1. Existing  transmitter. Continue ase withom
action,
S Option 2. Refierbishment. Rephive worn and - obsolete

components with new, current items.

Option 3, Redesign, Replace additional components, such
as obsoleseemt transistors, Redesign circuitry to remeds
konown problems. expand monitoring and seltttest cnvuits,
redesignn coaling svstem to reduce Jeaks and vibration
caused failures,

Option 4. New rransmtirter, Incorporate highest reliatihin
COMPONCHLS, CUIrent nunufiacture, ONensive monitoring
angd seltttest circuits, Design to current and anticipated
future requiretents, Centralized control would be g design
objective, with an option for completely unattended
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operation, A pre<failure status file would be incorparated
with the monitoring cireuits 1o store pre-failure status
information,

IV, Cost History

A cost model tor the DSN was reported in Ret, 2. This
study developed a cost model for the DSN giving maintenance,
operations, sustaining, and support costs for each subsystem
(see Tuble ). For the transmitter subsystem, the 1977 costs
were:

Category Cost
Maintenance 'S 646.000
Operations - 501,000
Sustaining $47.000
Support 462,000

Total $2.156.000

These figures were used as a base for making a cost comparison
of the four approaches toward improvement of the trans-
mitter.

V. Estimating Cost to Upgrade Transmitter

A comparison of life eycle cost for each of the four options
wis desired for the 10 yvear period beginning in FY80, The
subsystem cost figures for FY77 were adjusted to FY80 using
an estimated  inflation rate of six percent per year, A
sebsequent allowance tfor the combined etfect of inflation and
discount rates was nude using a net discount factor of 0.98
per vear, per Retl, 3.

The cost for cach option was estimated by making an
estinuite of the cost of implementation, The eftfect of the
changes made toward lowering maintenance, operations, sus-
taining, amd support costs was estimated in terms of pereent
reduction in expense which might reasonably be expected. A
similar estimate was made of the minimum pereentage
reduction in minutes outage which could be expected. The
following asstumptions were made for cach option:

Oprion 12 There will be no cost of implementation since
no improvement will be made, 1t is believed that the titure
rite i inercasing due to aging of mechanical and clectrical
components, The rate was estinmted to inerease at five
pereent per vear and this Ngare was assumed 1o increase
nintemmnee costs proportiomately, While the more fre-
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quent failures would have some effect on other costsoat was
assumed  that  operations, sustaining, and support costs
would not be increasad.

Option 2: A minimum progeam  of refurbishiment was

assumed:

() Replacement of tans with an estimated reduction m tan
faitures 1o 237 of the FY77 fevet,

(h) A thorouglt rework of coolant lines and g will
reduvce coolint svsten failures to 287 of Y77 Tevel,

() Inereased efforts to keep the waveguide mechanically
tight, pressarized, and free from impurities will teduce
waveguide arcing and will give at least o 2077 reduction
in are detector trip-outs,

(Y

=

Efforts o relocate critical controls plus improvement
in operating procedures will reduce procedural errons

by 3377,

(¢) While efforts to improve and replace wiring would be
nade, most wiring wounld be unchianged. Therefore,
was asstmed that the number of witing shorts, opens,
ctea would be unchanged.

The vost of implementation was estinated as the cost of
new fans, coolnt tings, and other hardware to accom-
plish these improvements, plus the cost of associnted Labor,
The estinated pereent reduction in failures was applied to
the outage time reported for 1977, The result indicated an
approximate 307 reduction in outage time, This reduction
was applicd o maintenanee costs heginning in the second
year assuming one vear required for completion ot the
changes. A reduction of 307 in outage should aud in
reducing costs of other functions and it was estimated that
the cost ol openttions, sustaining. and support would be
reduced by 1077, 87l 1O respectively,

)

Oprionn 32 A best estimate™ of the cost o redesign was
made, for cach subassembly in the trunsmitter subsysiem,
to find the cost of implementation, ’

The sedesipned subasseniblies would hase new, carom
components and new wiring, Presumably, known prablem
arcas would be eliminated, By this reasoning, it was
concluded that improvement in outage would be consider-
ably greater than the 3070 reduction predicted in Option 2,
Therefore, an estimate of 3077 reduction in outage was
made as a feasible design goal. This pereentuge was applied
1O NEHNTICIINCE 10 COmpUte 4 ten year cost,

Ieowas estimated that o T3 reduction in operations,
sustaining, amd support costs could be expected from less
ontage, from expanded selterest viecaits, wnd from other
refinements. This redaction was used o calenlate a ten vea
cost for operations, sustaining, amd support,



Option 4 Being in a conceptual stage, this option was the
most dilficult on which to make cost estimates. For cost of
implementation, a “best guess™ estimite was used for cost
of design, fubrication and installution, ot cach assembly,

A njur objective in the new transmitter is rapid tault
diagnosis and quick repair of faitures. For a conservative
figure for reduction in outage time, 60% was estinmated to
he a minimum design goal, This percentage was used o
compute nmaintenance cost,

.~ The selftest cirenit, pre-failure status file, and central
control operation, should provide a substantial reduction in
operations requirements and @ 23% reduction was thought
to be o redistic, minimum estimate, This tigure was used in
computing a ten-yar cost of operations, sustaining and
support,

The specitication, design, and procurement of the new
transmitter would require at least three years. Theretore, in
computing total cost, allowance was made for - atemnee
cost of the existing transmitter during a tnrec-veuar design
and pliase-in ¢ycle,

The assumptions are listed in Table 2 und represent
simply a single point selected estimate of the cost benefits
which could be expected from cach option, Further studies
may set more definitive. reasonable goals for achievement,

Vi. Results

The result ol the estimates and computation of costs tor
the nine transmitters in the DSN are shown in Table 3 and
Fig. 2. As noted above, the computations for Option 4 made
allowance for costs of the old transmitter during a three-year
design cycle. By way of interest, a computation was made for
the new transmitter for FY83 througlt FY92, ie.. after
completion of the  design-phase in evele. These  tigures,
Table 3, make Option 4 especially attractive whien cliarges tor
the change-over period are deleted.

VIl. Conclusions

The reduction in relative outisge mereases proportonatly 1o
expenditure, as would be espected, The fipures resudt from
estimates considered o be conservative, The improvement
from which reduction in outage was estimated s thaught 1o be
the minimum giin possible,

Option 2, refurbishment, gives o high henefit-to.cost ratio.
Basically, Option 2 involves replacement of ohd and wonn patis
ard this program would be the minimum to be mitated.

Additional improvements under Option 3, redesign, and
Option 4, 4 new transmitter, are cost ettective also, lrappears
that the choice of option is dependent upon. st judgemen
as to the value of outage reduction in DSN operations, and,
second, s o budget which s available” for improvemen
pUrposes, )

Ten vears was chosen as the lite evele span o conform with
current fife evele cost studios. T is thoaght diat Optiens 2and
I would place the transmitter in condition 1o serve beyond ten
yaars, A new trmsmitter per Option 4 shonld be usetul 1
well beyord o ten-yvear lite,

The figures for DSN expenditures for the S-bund tans-
mitter used as a base for costs were determined astter o fengehy
study (Ref, 2. The cost estimates for the four options weie of
a Ubest guess”™ type in accordance with the improvement to be
made, Therefore, accuracy of the total cost is commensurate
with the accuracy of the “best guess™ estimate, The trend
shown in Table T and Fig. 2 is valid. however, Basically. the
results show that substantial improvement can be obrained for
sttt costs, As more improvements are nade, the benetiteto.
vost ratio drops and the giin becomes muore expensive,

Plans for additional refinement of the tigures include
contacting cognizant organizations for opinions and estimates
on improvements which are required and the etfect on outage
and on costs i the changes are nade, Also, current quotations
tor hardware requirements will be needed o arrive a1 more

ACCULALE COSL Ngures,
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Table 1. Dliscrepancy Report summary, 1977

Assembly Outage

Power amplificr 381 min - Six are detector trips, three due to
suspected waveguide mismateh.

Deseription of failure

408 min  One high reflected power indica-
tion, removed by turning on
coolant low toan isolator,

D)
L7
"~

min  RI° power timited; required
adjustment of attenuator cou-
pler set serew,

IS min Beam overcurrent relay tripped.

Power supply 17 min  Arein high voltage cable; cable
replaced., Table 2, EHect assumed on costs
479 min  Eight fan of air-fTow «witch R R
faitures required replacing six Option Mamtenance Operations Sustaming - Suppont
fans and two air-low switches, - : '
Mmin Three relay malfunction 1. Novimprovement #5877/ Year NC NC NC
- YUR (U HLY N g s, N . “ . . .
e i s 2. Returbishment BRI U -3 -t0
168 min MV cable insulation breakdown L Redesign -8 -18 -8 187
and one toose HV connector., 4. New transimitter =6 g -8 L2
168 min  Transmitter could not be turned e e
on because of jummed emergen-
cy off switch on remote control
console,
Heatexchanger 738 min Nine leaksat seals, sight glass,
fettings, vic.
426 min  Nine failures due to low low,
Tost pressure, fan bearings, ete,
Procedutal error - 132 min Qutage (37 of total),
Misceltancous 424 min High noise, due to waveguide
arcing,
S02 min High noise, cause undeter-
mined. no recurrence.
70 min  Other miseellancous,
Table 3. Comparative cost of transmitter options (thousands)
o L o e e s g e e :«_u.._._.
Transmitter Total . . - Cost : Qutage
. Implementation Maintenance sustaining Cgareps I
option cost C suppont T« Jug uun] i _“_‘_’,_Ih !l\‘IL—
Existing §28.220 No cost §8.776 St1o.d44 - o
Refurbish $20.899 $268 $8.241 S1£.003 §4.621 RILS
Redesign S18.991 $891 S3.118 S13.988 $6.220 so
New design $22.583 $4.406 §4.822 $13.688 §2.637 L
New degign $18.996 $4.406 $2.983 stien? $6.224 (UL

(EYRY Y9

Ten year costatlter phase-out of old transmitter
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